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Description 

RELD OF THE INVENTION 

The present invention Is related to the delayed 

delivery of an active agent. More particularly, it is 
related to osmotically-activated devices for dis- 
pensing active agents to a biological environment 
of use following an initial delay. 

BACKGROUND OF THE INVENTION 

Osmotic dispensing devices for delivery of 
therapeutically active agents are well known in the 
art. Such devices use an expansion means to de- 
liver an agent to an environment of use over a 
period of hours, days or months. The expansion 
means absort)s liquid, expands, and acts to drive 
out l)eneficial agent formulation from the interior of 
tfte device in a controlled, usually constant manner. 
The osmotic expansion means is used to control- 
lably, usually relatively slowly, and over a period of 
time, deliver the agent. Thus, these devices are not 
generally used to delay the initial release of the 
agent, followed by the rapid release, or suk>stan- 
tially simultaneous introduction, of all of the agent 
or all of the dosage form(s) containing the agent 
into the environment of use at one tinrte. 

The delay of the initial release of an agent has 
primarily been previously effected by coating the 
agent or a fonnulation containing the agent with a 
dissoh^ble or bioerodible coating layer, such as 
gelatin, which coating dissolves or erodes in tfie 
environment of use to ttien make the agent avail- 
able. Delayed initial release has also been provided 
by dispersing the agent in a dissolvable or erodible 
matrix. However, such systems are often unreliable 
and release cannot be controlled with great accu- 
racy due to the variability and relatively uncontrol- 
lable nature of erosion and dissolution. 

A recent device for the delay of initial release 
is disck)sed in EP-A-O 384 642. This device is 
made up of two separable pieces and contains a 
water sensitive material. Release of the active 
agent from the device is effected by the water 
sensitive material expanding when wet to cause a 
positive pressure to be exerted on the interior wall 
of the device, which results in the separation of the 
two pieces of the device. This system, however, 
results in an increase in the internal volume of the 
entire device as the two pieces are pushed apart, 
whrch results in a negative pressure gradient be- 
tween the environment and the interior of the de- 
vice, creating a vacuum which then results in fluid 
from the environment entering the device. This is a 
problem particularly when it is desired that the 
active agent within the devrce not be diluted or 
contaminated or when the active agent is sensitive 



to fluid and will break down or lose potency upon 
exposure to the fluid. Another drawt)ack of this 
system is that the water sensitive material is in 
contact with the active agent and, as the water 

5 sensitive material becomes wet. active agent 
comes into contact with the fluid. 

Therefore, there remains a continuing need for 
improved methods and systems for providing a 
delayed initial delivery of an active agent to an 

10 environment of use that are reliable and that can 
t>e programmed to deliver the agent after a particu- 
lar interval with increased accuracy. 

SUMMARY OF THE INVENTION 

IS 

The present invention is directed to a fluid- 
imbibing dispensing device for the initially delayed 
delivery of an active agent to a fluid environment of 
use. The dispenser comprises a housing having a 

20 first wall section and one or two second wall sec- 
tions, the first and second wall sections t>eing in 
slidably telescoping arrangement with each other, 
the first wall section having an open end adapted 
to fit within the second wall section and the second 

25 wall section comprising in at least a portion a 
semipermeable composition, which housing main- 
tains its integrity in the environment of use; at least 
one internal compartment surrounded and defined 
by the first and second wall sections of the hous- 

30 ing; at least one active agent formulation in a 
portion of the compartment defined by the first wall 
section; an expansion means in a portion of the 
compartment defined by the second wall section; 
and a partition layer t)etween the expansion means 

35 and the open end of the first wall section; and a 
ridge of the first wall section and protruding into 
the internal compartment, for receiving the driving 
force of the expansion means, via the partition 
layer, for separating apart the first and second wall 

40 sections of the housing after exposure to the envi- 
ronment of use. 

The invention also is directed to a method for 
delaying the initial delivery of an active agent to a 
fluid environment of use, the method comprising 

45 the steps of (a) placing the dispensing device of 
the invention into the environment of use, (b) allow- 
ing fluid to be imbibed through at least a portion of 
the housing of the dispensing device for causing 
the expansion means to expand and exert pressure 

50 on the partition layer, which partition layer then 
exerts pressure on the ridge of the first wall sec- 
tion, and (c) delivering the active agent from the 
dispensing device by the expansion means in- 
creasing in volume to move the partition layer and 

55 the partition layer exerting pressure on the ridge, 
thereby pushing apart and separating the slidably 
connected first and second wall sections of the 
device's housing and exposing the active agent 
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formulation to the environment 

During the delay period in the environment the 
volume of the reservoir containing the active agent 
is kept constant; thereforOp there is a negligible 
pressure gradient between the environment and the 
interior of the reservoir. As a result, net flow of the 
environmental fluid driven by the pressure to enter 
the reservoir is minimal, so that the active agent is 
not contaminated or diluted. 

The invention is further directed to a fluid- 
imbibing dispensing device for the imn>ediate and 
continuous delivery of a first active agent together 
with the delayed, pulsed delivery of a second ac- 
tive agent to a fluid environment of use. 

DESCRIPTION OF THE DRAWINGS 

The drawings are not drawn to scale, txit are 
set forth to illustrate various embodiments of the 
invention. Like numk)ers refer to like structures. 

RG. 1 is a cross-sectional view of one emtxxfi- 
ment of 1h& present invention, the device being in 
closed or prepared form prior to placement in the 
environment of use. 

RG. 2 is the device of RG. 1 in operation after 
activation by placement in the environment of use, 
showing the device opened to release the active 
agent formulatton to the environment. 

FIG. 3 is a cross-sectional view of the deyk^e of 
RG. 1 but containing a different form of an active 
agent formulation. 

FIG. 4 is a cross-sectional view of anottier 
emtXKiiment of the present invention, in ck>sed or 
prepared form. 

FIG. 5 is a cross-sectional view of yet another 
embodiment of the present inventkm, directed to 'a 
multi-pulse dispensing device. 

RG. 6 is a cross-sectk>nal view of an embodi- 
ment of the present invention directed to a multi- 
agent and/or multi-pulse dispensing device. 

RG. 7 is a cross-sectional view of an emt)odi- 
ment of the present invention which includes a 
loadirig dose for the initial rapid delivery of an 
agent. 

FIG. 8 is a cross-sectional view of another 
embodiment of the inventk>n whkii includes a load- 
ing dose of agent. 

RG. 9 is a cross-sectional view of a further 
emtxxfiment of the present invention where one 
active agent is to be delivered in a controlled 
manner over a prolonged period of time and a 
second active agent is to be delivered after an 
initial delay period, the device being in closed form 
prior to placement in the environment of use. 

FIG. 10 is a cross-sectional view of the em- 
bodiment of FIG. 9. after activation, at a point in 
time when the device is opened to release tfie 
second active agent. 



FIG. 11 is a partial cross-sectional view of 
another embodiment of the invention, having a first 
wall section of two longitudinal hah^es. 

RGB. 12a and 12b are views tiirough the first 
5 wall section of the embodiment of FIG. 11 ak>ng 
line A-A. 

DETAILED DESCRIPTION OF THE INVENTION 

10 The present invention provides a device which 
is useful for the initial delayed delivery of an active 
agent formulation to a fluid environment of use, the 
delivery of the agent formulation from the dispens- 
ing device, once t>egun, being quickly completed 

IS rather than being continued over a prolonged pe- 
riod of time. By "prolonged period of time" is 
meant an extended time period such as for several 
hours, days, weeks or months. In the present in- 
vention, in contrast, the delivery device is designed 

20 to sut)stantially simultaneously introduce all of the 
active agent formulation, which formulation can be 
either an immediate release dosage form or a 
controlled release dosage form, to exposure to the 
environment of use substantially at one time after 

25 the initial period of delay. 

As used herein, the terms "therapeutically ef- 
fective" amount or rate refer to the amount or rate 
of the active agent needed to effect the desired 
therapeutic, often t)eneficial, result. 

30 The dispensing devices of the invention find 
use, for example, in humans or other animals. The 
environment of use is a fluid environment and can 
comprise tfie stomach, the intestinal tract, or a 
txxfy cavity such as the peritoneum or vagina. A 

35 single dispensing device or several dispensing de- 
vices can be administered to a subject during a 
therapeutic program. 

RG. 1 depicts in cross-sectional view a pres- 
entiy preferred emtxxfiment of the delivery device 

40 according to the present invention. The device is 
shown in closed or p>repared form prior to place- 
ment in the environment of use. Dispensing device 
1 comprises a housing 12 formed of a first wall 
section 14 and a second wall section 16. Rrst wall 

45 section 14 and second wall section 16 are in 
slidably telescoping arrangement with each other. 
Housing 12 surrounds and defines an internal com- 
partment 18. Rrst wall section 14 surrounds that 
portion of intemal compartment 18 that contains an 

50 active agent formulation, in this embodiment the 
fonmulation being a plurality of active agent dosage 
forms 20. Second wall section 16 surrounds that 
portion of intemal compartment 18 that contains an 
expansion means 22 for expanding and for occupy- 

55 ing space in compartment 18. Second wall section 
16 also contains a partition layer 24. which layer 24 
is positioned between the agent formulation 20 and 
the expansion means 22. Partition layer 24, in a 
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presently preferred embodiment, comprises a com- 
position that is substantially impermeable to ttie 
passage of fluid, and it serves to restrict tfie pas- 
sage of fluid present in the expansion means Into 
that area of compartment 18 that contains the 
agent formulation. It operates to essentially main- 
tain the integrity of the active agent formulation and 
the expansion means layer. Additionally, arid im- 
portantly, partition layer 24 acts to insure that the 
expanding drhnng force generated by the expan- 
sion means 22 is applied directiy against the first 
wall section 14 to effect the separation of the two 
wall sections. Thus, partition layer 24 must t>e of 
sufficient strength, thickness and rigidity to transfer 
the driving force against first wall section 14. 

Rrst wall section 14 has an open end with a 
recessed outer edge for forming receiving means 
26 for stidably receiving and engaging the open 
end of second wall section 16. The two wall sec- 
tions at tfieir open ends are close in size and they 
fonm a friction fit theret)etween. The friction gen- 
erated is sufficient to maintain the two wall sections 
together prior to activation of the expansion means 
but not so great as to keep the two wall sections 
from sikting apart once an expanding driving force 
is exerted. First wall section 14 and second wall 
section 16 can be telescoped completely into a 
closed and continuous external walled position. The 
open end of first wall section 14 is adapted to fit 
within second wall section 16. The tx)ttom edge of 
the open erKi of first wall section 14 provides a 
platform or ridge 28 protruding into compartment 
18. RkJge 28 is adapted to receive the driving force 
of the expansion means 22, via the partition layer 
24, to effect the separation of the two wall sections. 

In operation, as the expansion means 22 ab- 
sort>s and imbit)es fluid through second wall sec- 
tion 16 from the environment of use, it expands 
and pushes against partition layer 24, causing the 
partition layer to slide inside compartment 18. Par- 
tition layer 24 moves toward and contacts ridge 28, 
pushing against ridge 28 and thus against first wall 
section 14 to cause the first wall section to sikte 
apart from second wall section 16 as the expansion 
means 22 continues to exparKi. This causes the 
two wall sections to t>ecome separated and the 
active agent formulations 20 to be exposed to the 
environment of use, as illustrated in FIG. 2. 

FIG. 2 illustrates the dispensing device 1 of 
RG. 1 in operation after activation of the device by 
placement in the environment of use. FIG. 2 shows 
devk» 1 opened to release all of the active agent 
dosage forms 20 to the environment substantially 
at the same time. First wall section 14 has k>een 
separated from second wall section 16 by the 
^cpanding driving force of the expansion means 
22, which has expanded in size as a result of 
imbibing fluid from the environment. The arrows in 



FIG. 2 indicate the exiting of the agent formulation 
dosage forms 20 from internal compartment 18 
through the open end of first wall section 1 4, which 
is now in communication with the environment. 

5 Rrst wall section 14 may comprise a composi- 

tion that is semipermeable, that is, it is permeable 
to fluid but impermeable to active agent and other 
Ingredients contained in dispensing device 1. or it 
may, alternatively, comprise a composition that is 

10 Impermeable to the exchange of fluid, agent and 
other ingredients. When an active agent or an 
active agent dosage form is sensitive to fluid from 
an exterior fluid present in the environment of use. 
It is prefenred that first wall section 14 be substan- 

75 tially impermeable to the ingress of the external 
fluid to serve as a means for substantially protect- 
ing the agent or dosage form. 

Because expansion means 22 operates by the 
imbibition of external flukJ. second wall section 16 

20 in at least a portion that is adjacent to expanskm 
means 22 must be permeable or semipermeable; 
that is, it is permeable to the passage of fluid while 
being substantially impermeable to the passage of 
other ingredients contained in dispensing device 1. 

25 Wall sections 14 and 16 optionally comprise 
additional ingredients such as. for example, a plas- 
ticizer. Impermeable and semipermeable composi- 
tions suitable for use In wall sections 14 or 16, as 
well as suitable additives, are known in the art. 

30 examples of which are disclosed in U.S. Pat. 
4.874.388. the entire disclosure of which is Incor- 
porated herein by reference. 

Housing 12, comprising wall sections 14 and 
16, is nontoxic, biologically inert, nonallergenic and 

35 nonirritating to txKfy tissue, and it maintains its 
physical and chemical integrity; that is, housing 12 
does not erode or degrade in the environment of 
use during the dispensing period. K is within the 
scope of the invention that the housing be insoluble 

40 only during the period of intended use and can 
thereafter dissolve away in the environment of the 
device. Thus, a dispenser is here contemplated 
which is unaffected by its environment, solubility- 
wise, at the situs of use or which, alternatively, Is 

45 only slightiy soluble during the period of intended 
use, such that once its active agent content has 
been removed it will then dissolve or erode away 
leaving no objectionable residue or empty con- 
tainer at the situs of use. 

50 The expansion means or expandable driving 

means 22, operable for separating the first and 
second wall sections to release the active agent 
from the dispensing device of the invention, is 
nontoxic, nonallergenic and biologically inert. Ex- 

55 pension means 22 comprises, in one presently 
preferred embodiment, an osmopolymer. The os- 
mopolymers interact with water and aqueous bio* 
logical fluids and swell or expand to an equilibrium 
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state. The osmopolymers extiitnt ttie atMlity to swell 
in fluid and to retain a significant portion of the 
imbit)ed and absort)8d fluid within the polymer 
structure. The expansion means 22 in another pre- 
ferred emk)odiment comprises an osmagent. The 
osmagents are known also as osmotically effective 
solutes arKj they are also known as osrrK)tically 
effective compounds. The osmagents that can t>e 
used for the purpose of this invention include in- 
organic and organic compounds tfiat exhilNt an 
osmotic pressure gradient across a semipermea- 
ble, i.e. a fluid-permeable, wall. The expansion 
means 22 in yet another prefenred embodiment 
comprises an osmagent dispersed withlri an os- 
mopolymer. The expansion means 22 can oonv 
prise a tablet or a layer, or a plurality of tablets or 
layers, or it can be pressed into second wall sec- 
tion 16. The osmagent or osmopolymer can be in 
any suitable form such as particles, crystals, pel- 
tets, granules, and the like, when pressed into a 
tablet layer and into wall section 16. Osmagents 
and osmopolymers are known to the art and are 
described in, for example, U.S. Pat Nos. 
3,865,108, 4,002,173, 4,207,893, 4,327,725 and 
4,612.008. 

Partition layer 24, present in certain embodi- 
ments of the invention t)etween the active agent 
formulation and the expanston means, is a means 
for transmitting the force generated by the expan- 
sk>n means against the first wall section 14. for 
maintaining the separate identity of the active 
agent formulation and the expansion means, and 
for substantially restricting the passage of fluid 
t)etween the active agent formulation and the ex- 
pansion means. Representative n^aterials useful as 
a partition layer 24 are known to the art in, for 
example. U.S. Pat Ho. 4,874,388. 

The term "active agent formulation", as used 
herein, comprises the active agertt to be delivered, 
as a liquid, solid, semisolkf or thermo-sensitive 
composition, generally in a carrier substance and 
with or without addittonal inert ingredients. The 
term may additionally include dosage forms com- 
prising the active agent which are capable of main- 
taining their physical configuration and cftemical 
integrity while housed within the dispenser. These 
include, without limitation, tablets with or without a 
density element; matrix tablets; spheres; pellets 
and elongated tablets; capsules; elementary os- 
motic pumps, such as those descrit>ed in U.S. Pat 
No. 3345,770; mini-osmotic pumps, such as those 
described in U.S. Pat. Has. 3,995,631, 4,034,756 
and 4,1 1 1 ,202; and multi-chamber osmotic systems 
refenred to as push-pull and push-melt osmotic 
pumps, such as those described in U.S. Pat. Nos. 
4,320,759 and 4,449,983; all the above patents of 
which are incorporated herein by reference. 



The phanmaceutically acceptable carrier useful 
herein may comprise more than one ingredient, 
such as. for example, a buffer, a viscosity regulat- 
ing vehicle, a surfactant, dyes, a permeation erh 

5 hancer. proteinase inhit>itors, or other formulation 
ingredients and additives, as are known in the art. 
The carrier may contain more than one active 
agent The active agent fonmulation can erode or 
disintegrate and can be in the form of a wax 

10 formulation, solid core or tablet, for example. The 
formulation can immediately dissolve upon expo- 
sure to fluid or it may erode sk>wly with or without 
the presence of exdplents for controlling erosion. 
The active agent formulation can be designed 

IS in a multitude of ways to provide a specific drug 
delivery profile. One emtxKJiment may comprise a 
formulation ttiat contains a biologically acceptable 
solid surfactant whk:h is capable of slow dispersk>n 
in the environmental fluid. In another embodiment. 

20 the formulation may contain a fluidnnsoluble wax 
and a surfactant so that the fonnulation is suscept- 
ible to erosion in the environment. In still another 
embodiment, the formulation may be effervescent 
and provkle drug delivery in a finely dispersed 

25 form. This is accomplished by the addition of a 
solid t>asic compound capable of evolving cartx)n 
dioxkle in the presence of an acid in the environ- 
ment of use. Suitable basic compounds are dis- 
closed in U.S. Pat. No. 4.265.874. In a furtiier 

30 embodiment, the formulation may include an os- 
motic agent or solute, such as those descrit)ed 
atx>ve with reference to the expansion means 22. 
so that when the formulation comes into contact 
with the environmental fluid, it immediately dis- 
ss soh^. In yet arK>ther emt>odiment. the agent for- 
mulation can be comprised of an agent and a 
thermo-responsive composition. In this manner, the 
formulation would exhibrt solid-like properties at 
room temperature of 21 'C and within a few de- 

40 grees Celsius thereof, arKi would have a melting 
point that approximates mammalian body tempera- 
tures of 37*C and within a few degrees Celsius 
thereof. The term "thermo-responsive" as used 
herein, in a prefenred embodiment denotes the 

45 physical-chemical property of an agent carrier 
composition to exhibit solid, or solid-like properties 
at temperatures up to 31 *C and become fluid, 
semi-solid or viscous when disturit)ed by heat at 
temperatures from 31 *C, usually in the range of 

50 31 *C to 45*C. Suitable materials useful as active 
agent canrlers and excipients are known in the art 
and are disclosed in U.S. Pat Nos. 4,595,583 and 
4,874,388, for example. 

The terms "active agent" and "drug" are used 

55 interchangeably herein and refer to an agent drug, 
compound, composition of matter or mixture there- 
of which provides some therapeutic, often t>enefl- 
cial, effect. This includes pesticides, herbicides. 
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germicides, biocides. algiddes. rodenticides, fun- 
gicides, insecticides, anti-oxidants, plant growth 
promoters, plant growth inhibitors, preservatives, 
anti-preservatives, disinfectants, sterilization agents, 
catalysts, chemical reactants. femnentation agents, 
foods, food supplements, nutrients, cosmetics, 
drugs, vitamins, sex sterilants, fertility inhibitors, 
fertility promoters, microorganism attenuators and 
other agents that benefit the environment of use. 
As used herein, the terms further include any phys- 
iologically or pharmacologically active substance 
that produces a localized or systemic effect or 
effects in animals, including warm blooded man>- 
mals, humans and primates; avians; domestic 
household or farm animals such as cats, dogs, 
sheep, goats, cattie, horses and pigs; laboratory 
animals such as mice, rats and guinea pigs; fish; 
reptiles; zoo and wild animals; and the like. The 
active drug that can be delivered includes inorganic 
and organic compounds, including, without limrta- 
tion, drugs which act on the peripheral nerves, 
adrenergic receptors, cholinergic receptors, the 
skeletal muscles, the cardiovascular system, 
smooth muscles, the blood circulatory system, syn- 
optic sites, neuroeffector junctional sites, endocrine 
and homnone systems, the immunological system, 
the reproductive system, the skeletal system, auto- 
cokJ systems, the alimentary and excretory sys- 
tems, the histamine system and the central ner- 
vous system. Suitable agents may be selected 
from, for example, proteins, enzymes. tK>rmones, 
polynucleotides, nucleoproteins. polysaccharides, 
glycoproteins. M. lipoproteins, polypeptides, 
steroids, hypnotics and sedatives, psychic energiz- 
ers, tranquilizers, anticonvulsants, muscle relaxants, 
anti-Parkinson agents, analgesics, anti-inflammator- 
ies, \ocaA anesthetics, muscle contractants. anth 
microbials, antimalarials, hormonal agents including 
contraceptives, sympathomimetics, polypeptides 
and proteins capable of eliciting physiological ef- 
fects, diuretics, lipid regulating agents, antian- 
drogenic agents, antiparasitics, neoplastics, anti- 
neoplastics, hypoglycemics, nutritional agents and 
supplements, growth supplements, fats, ophthal- 
mics. anti-enteritis agents, electrolytes and diag- 
nostic agents. 

Examples of benefk:ial agents which this inven- 
tion can be utilized are prochlorperazine 
edisylate, ferrous sulfate, aminocaproic ackl, 
mecamylamine hydrochloride, procainamide hydro- 
chkMlde. amphetamine sulfate, methamphetamine 
hydrochloride, benzphetamine hydrochlorkJe. 
isoproterenol sulfate, phenmetrazine hydrochloride, 
bethanechol chloride, methacholine chloride, 
pilocarpine hydrochloride, atropine sulfate, scopol- 
amine t>romkle. isopropamide Iodide, tridihexethyi 
chloride, phenformin hydrochloride, methyl- 
phenidate hydrochloride, theophylline cholinate. 



cephalexin hydrochloride, diphenidol. meclizine hy- 
drochloride, prochlorperazine maleate, phenox- 
yt)enzamine, thiethylperazine maleate, anisindione, 
diphenadione erythrityl tetranitrate, digoxin. 

5 isoflurophate. acetazolamide, methazolamide. ben- 
droflumethiazide, chlorpropamide, tolazamide, 
chlormadinone acetate, phenaglycodol. allopurinol, 
aluminum aspirin, methotrexate, acetyl sulflsox- 
azole, erythromycin, hydrocortisone, hydrocor- 

10 ticosterone acetate, cortisone acetate, dex- 
amethasone and its derivatives such as fc>e- 
tamethasone. triamcinolone, methyltestosterone, 17 
^-esti^adiol, ethinyl estradiol, ethinyl estradiol 3- 
methyl ether, prednisolone. 17 ^-hydrox- 

75 yprogesterone acetate. 19-nor-progesterone, nor- 
gestrel, norethindrone, norethisterone, 
norethiederone. progesterone, norgesterone, 
norethynodrel, aspirin, indomethacin, naproxen, 
fenoprofen. sulindac, indoprofen. nitroglycerin. 

20 Isosorbide dinitrate, propranotol. timolol, atenolol, 
alprenolol, cimetidine, donidine, imipramine, 
levodopa, chk>rpromazine. methyldopa, dihydrox- 
yphenylalanine, theophylline, cateium gluconate, 
ketoprofen, it>uprofen, cephalexin, erythromycin, 

25 haloperidol, zomepirac, ferrous lactate, vincamlne, 
diazepam, phenoxyt>enzamine. diltiazem, milrinone, 
captopril. mandol, quanbenz, hydrochlorothiazide, 
ranitidine, flurbiprofen, fenbufen. fluprofen. tolmetin, 
diclofenac, mefenamic, flufenamic, difuninal, 

30 nimodipine, nitrendipine, nisoldipine, nicardipine, 
felodipine, lidoflazine, tiapamil. gallopamil, am- 
kxiipine. mioflazine. lisinopril. enalapril. captopril. 
ramipril. endlapriat. famotidine, nizatidine, sucral- 
fate, etintidine, tetratolol, minoxidil, chlordiazepox- 

35 ide, diazepam, amitriptyline, and imipramine. Fur- 
ther examples are proteins and peptides which 
include, but are not limited to, insulin, colchicine, 
glucagon, thyroid stimulating hormone, parathyroid 
and pituitary honnones, calcitonin, renin, prolactin, 

40 corticotrophin, thyrotropic hormone, follicle stimu- 
lating hormone, chorionic gonadotropin; 
gonadotropin releasing hormone, bovine 
somatotropin, porcine somatropin, oxytocin, 
vasopressin, prolactin, somatostatin, lypressin, pan- 

45 creozymin, luteinizing hormone, LHRH. Interferons, 
interleukins, growth hormones such as human 
growth hormone, tK>vine growtii hormone and por- 
cine growth hormone, fertility inhibitors such as the 
prostaglandins, fertility promoters, growth factors, 

50 and human pancreas hormone releasing factor. 

It is to be understood that more than one active 
agent may be incorporated into the active agent 
formulation in a device of this invention, and that 
the use of the term "agent* or "drug" in no way 

55 excludes the use of two or more such agents or 
drugs. 

The agents can t)e in a wide variety of chemi- 
cal and physical forms, such as uncharged mol- 
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ecules, components of molecular complexes or 
nonirritating, pharmacologically acceptable salts. 
Also» simple derivatives of ttie agents (sucfi as 
ettiers. esters, amides, etc.) wfiicfi are easily 
hydrolyzed by body pH, enzymes, etc., can be 
employed. 

The amount of active agent employed in the 
delivery device will be that amount necessary to 
deliver a therapeutically effective anK)unt of the 
agent to achieve the desired result at the site of 
delivery. In practice, this will vary widely depending 
upon the particular agent, the site of delivery, the 
severity of the condition, and the desired therapeu- 
tic effect. Thus, It is not practical to define a 
particular range for the therapeutically effective 
amount of active agent incorporated into the de- 
vice. 

FIG. 3 illustrates another emtxKliment of the 
dispensing device 1 of tfte present invention. As 
illustrated in this figure, dispensing device 1 is 
similar to the dispensing device of FIGS. 1 and 2, 
having a housing 12, a first wall section 14, a 
second wall section 16. an internal compartment 18 
sunrounded and defined by housing 12, expansion 
means 22, partition layer 24, receiving means 26 
and ridge 28. but contains an active agent formula- 
tion 30 that is of a different form than that of RGS. 
1 and 2. Active agent fbnmulation 30 is present as 
a single homogeneous or heterogeneous mass and 
may be in solid, liquid or semi-solid form or may 
comprise a thermo-sensitive composition. Agent 
formulation 30 may comprise a pharmaceutically 
acceptable carrier in addition to the active agent, 
with the agervt being dispersed homogeneously or 
heterogeneously within the carrier. 

RG. 4 illustrates another emtxKliment of the 
dispensing device of the present invention. Dis- 
pensing device 2 comprises a housing 12 formed 
of a first wall section 14 and a second wall section 
16. Rrst wall section 14 and second wall section 16 
are in slidably telescoping arrangement with each 
other. Housing 12 surrounds and defines an inter- 
nal compartment 18. Internal compartment 18 con- 
tains an active agent formulation, in this emtxxfi- 
ment the formulation t)eing a plurality of active 
agent dosage fonms 20. Alternatively, tfie active 
agent formulation could be present as solid, semi- 
solid or liquid particles of active agent formulation 
dispersed in compartment 18. Internal compart- 
ment 18 also contains an expansion mearis 22 
within a portion and. preferably, within substantially 
all of compartment 18 for expanding and for oc- 
cupying space in the compartment. The active 
agent formulation may be dispersed throughout the 
expansion means 22 within compartment 18. At 
least one, and preferably both of first wall section 
14 and second wall section 16 are comprised in at 
least a portion of a semipermeable composition so 



that fluid may be imbibed into the compartment to 
activate expansion means 22. As expansion means 
22 takes up fluid and expands, a high intemal 
pressure is created and the resulting driving force 

5 is exerted against tfie closed ends of the wall 
sections 14 and 16, causing the open ends of the 
two wall sections, which are held together by a 
friction fit therebetween, to slide apart and become 
separated, releasing active agent dosage forms 20 

10 into the environment of use. 

A multi-pulse delivery of active agent formula- 
tion over an extended period of time, such as 24 
hours, may be provided by utilizing sequentially 
smaller dispensing devices of the invention en- 

75 closed within each other. Such a multi-pulse dis- 
penser is illustrated in FIG. 5. In FIG. 5, multi-pulse 
dispensing device 3 is comprised of a plurality of 
housings 12a. 12b and 12c. each smaller than the 
other and contained within the intemal compart- 

20 ment of the next larger housing. Thus, housing 12c 
is contained within intemal compartment 18b of 
housing 12b. and housing 12b (containing housing 
12c) is itself contained within intemal compartment 
18a of housing 12a. Also contained within each of 

25 the compartments 18a. 18b and 18c are active 
agent formulation dosage forms 20a. 20b and 20c. 
respectively, dispersed in expansion means 22a, 
22b and 22c, respectively. As housing 12a is 
opened by the expanding driving force of expan- 
se sion means 22a, it releases housing 12b into the 
environment of use as it releases active agent 
dosage forms 20a. Housing 12b is then exposed to 
the environmental fluid and is opened after a delay 
period by the expanding driving force of expansion 

35 means 22b, releasing active agent dosage forms 
20b together with housing 12c. Housing 1 2c in its 
turn is ttien exposed to the environmental fluid to 
release active agent dosage forms 20c by expan- 
sion of means 22c. 

40 FIG. 6 illustrates an emtxKliment of the inven- 

tion where two active agents are delivered from the 
same device. Such a dispensing device is desir- 
able when, for example, the agents must be kept 
separated because they are physically or chemi- 

45 cally incompatible with each other or when the 
agents are to be delivered to the environment at 
different points in time. Dispensing device 4 com- 
prises a housing 12 fonned of a first wall section 
14 and two second wall sections 16a and 16b. Rrst 

50 wall section 14 has two opposing open ends and 
includes an impermeable intemal dividing wall 17 
whk:h divides the space encompassed by housing 
12 into two intemal compartments 18a and 18b. 
That part of first wall section 14 encompassed by 

55 one of its two open ends and dividing wall 17 
surrounds that portion of intemal compartment 18a 
that contains an active agent formulation 30a. That 
part of first wall section 14 encompassed by the 
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other of Hs two open ends and dividing wall 17 
surrounds that portion of internal compartment 18b 
that contains an active agent formulation 30b. For- 
mulations 30a and 30b may comprise the same 
active agent or different active agents. The two 
formulations may be the same or different; for 
example, they may tx)th be liquids, or one may be 
solid and one liquid, or one may be a liquid and 
the other a plurality of dosage forms. Formulations 
30a and 30b may comprise the same active agent 
but In two different chemical forms, such as the 
base drug and a salt of tfie same drug. 

Second wall section 16a of dispensing device 4 
surrounds tfiat portion of internal compartment 18a 
that contains an expansion means 22a for expand- 
ing and for occupying space in compartment 18a. 
Second wall section 16a also contains a partition 
layer 24a, which layer 24a is positioned t>etween 
the agent formulation 30a and the expansion 
means 22a. Second wall section 16b surrounds that 
portion of internal compartment 18b that contains 
an expansion means 22b for expanding and for 
occupying space in compartment 18b. Second wall 
section 16b also contains a partition layer 24b, 
which layer 24b is positioned between tfie agent 
formulation 30b and the expansion means 22b. The 
kwttom edge of each of the open ends of first wall 
section 14 provides a platform or ridge 28a and 
28b protruding into compartments 18a and 18b, 
respectively, for receiving the driving force of the 
expansion means via partition layers 24a and 24b, 
respectively, to separate apart the first wall section 
and the second wall sections. 

Where it is desired to deliver active agent 
formulations 30a and 30b substarrtially concunrent- 
ly, the composition of expansion means 22a and 
22b will be tfie same so tfiat they will have Identical 
expansion profiles, to separate the first wall section 
from both second wall sections at substantially the 
same time. Where it is desired, on the other hand, 
to deliver active agent formulations 30a and 30b at 
different points in time, that is, after different initial 
delay perfods (a multi-pulse system), tfie composi- 
tion of the two expansion means will be different In 
order to provide the different initial delay periods. 

Another emtxxiiment of the invention is very 
similar to that illustrated in RG. 6 except that it 
does not include an impenneable internal dividing 
wall 17. Thus, the delivery device of this similar 
embodiment comprises a housing 12 formed of a 
first wall section 14 and two second wall sections 
16a and 16b, expansion means 22a and 22b, parti- 
tion layers 24a and 24b. and ridges 28a and 28b. 
Rrst wall section 14 has two opposing open ends 
and encompasses one internal compartment 18, 
which compartment 18 contains one active agent 
formulation 30 or a plurality of dosage forms 20. 
This double-capped emtxxiiment is useful when it 



is desired to expedite the release of the active 
agent formulation 30 or 20 from the device once 
the agent formulation is exposed to the environ- 
ment of use. In such a use, the composition of 

5 expansion means 22a and 22b will normally be the 
same so that the expansion means will separate 
the first wall section from the two second wall 
sections at substantially the same time to release 
the active agent formulation 30 or 20. 

10 It may, in certain Instances, be desirable to 
provide an initial rapid delivery of an active agent 
to the environment of use in addition to the de- 
layed delivery of active agent provided by this 
invention. Such initial agent delivery may be ac- 

75 complisfied by means for providing an initial agent 
dose. FIG. 7 illustrates one means of initial agent 
delivery. In RG. 7. dispensing device 5 comprises 
housing 12 having a first wall section 14 and a 
second wall section 16, intennal compartment 18. 

20 active agent formulation dosage forms 20, expan- 
sion means 22, partition layer 24. receiving means 
26 and ridge 28. Dispensing device 5 additionally 
comprises an initial agent delivery means or load- 
ing dose 32. Loading dose 32 comprises at least 

25 one active agent honiogeneously or heteroge- 
neously dispersed or dissolved in an appropriate 
earner means, which can be a solid, paste, gel, 
semisolid, or the like, or a thermo-sensitive material 
which provides a dispensable material in the envi- 

30 ronment of use. The loading dose 32 can be in the 
form of a tablet or capsule, for example, and can 
be round, spfieroid, toroid. cylindrical, square, and 
the like. Loading dose 32 is located on or within 
dispensing device 5 in such a manner that, upon 

35 application of the device to the environment of use, 
the loading dose is immediately exposed to the 
environment. This may be accomplished by means 
of a retaining device such as a ridge (as illustrated 
by retaining ridge 46) or a screen, for example. 

40 Once device 5 is placed In the environment of use, 
loading dose 32 dissoh^, erodes, osmotically 
bursts or otfterwise begins to dispense tfte active 
agent contained therein. At the same time, expan- 
sion means 22 will begin to imbit>e fluid, expanding 

45 to begin to separate first wall section 14 and sec- 
ond wall section 16. This provides a pulsed deliv- 
ery of agent from foading dose 32 at a first time 
period and of agent from the agent dosage forms 
20 at a second time period. The formulation of the 

50 loading dose 32 can be so designed that the deliv- 
ery of ti)e initial agent could be completed prior to 
the delivery of the dosage forms 20 or, alter- 
natively, that the inttial agent could provide a con- 
tinuous delivery for a period up to and even after 

55 the delivery of the dosage fonms. The foading dose 
and the agent dosage forms may contain the same 
active agent or different active agents. 
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Delivery of an initial agent dose may also be 
accomplished by coating housing 12 extemally with 
an overcoat or loading dose containing an active 
agent, as is illustrated in RG. 8. In FIG. 8, dispens- 
ing device 6 is the same as device 4 of RG. 6. 
except that device 6 also comprises an overcoat or 
loading dose 34 that surrounds housing 12. Or^e 
placed in the environment of use, loading dose 34 
will begin immediately to dissolve, erode or other- 
wise dispense an active agent contained in the 
loading dose. In this emtxxliment. the expansion 
means 22a and 22b of the device cannot begin to 
imbibe water and become activated until such time 
as tfie loading dose 34 has dissofved or eroded 
away from tfie semipermeable membranes of sec^ 
ond wall sections 16a and 16b, so that a good 
portion if not all of the active agent in \he loading 
dose will have been dispersed prior to the disper- 
sion of the agent in active agent formulations 30a 
and/or 30b, thus providing a multi- (two- or three-) 
pulse delivery of agent. 

FIGS. 9 and 10 are cross-sectional views of 
anotfier emtwdiment of the dispensing device of 
the present invention, prior to delivery (RG. 9) and 
subsequent to delivery (FIG. 10) of the device to an 
environment of use. Dispensing device 7 com- 
prises a housing 12 fonned by a first wall section 
14 and a second wall section 16, the two wall 
sections being in slidably telescoping arrangemerrt 
arKi enclosing an internal compartment 18. That 
portion of compartment 18 enclosed by first wall 
section 14 contains a first expansion means 35 and 
a first active agent formulation 36. which in a 
preferred emtxxJiment are separated by a nuyvea- 
ble impenmeable first partition layer 38 to maintain 
the separate identities of the first agent formulation 
36 and the first expansion means 35. It also con- 
tains a second active agent formulation 30 and an 
impermeable barrier layer 40 which separates first 
expansion means 35 from sef»nd active agent 
formulation 30. Barrier layer 40 is preferably non- 
moveable in the device. Rrst wall section 14 also 
comprises an exit means or port 42 which provides 
communication between the environment of use 
and that part of internal compartment 18 containing 
first active agent formulation 36. 

The exit means or port may comprise one 
orifice or a plurality of orifices and is formed by 
conventional techniques descrit)ed in the literature. 
Included among these methods are mecfianical 
drilling, laser drilling, and liquid techniques using 
an orifice-forming agent, such as erosion, extrac- 
tion, dissolving, bursting or leaching, depending on 
fhe nature of the agent used. The first wall section 
14 will contain at least one such orifice, and in 
most configurations, one orifice will suffice. The 
dimensions of the orifice in terms of both diameter 
and length will affect the rate at which the drug is 



released from the device in response to the pres- 
sure differential resulting from the volumetric ex- 
pansion of the first expansion means caused by the 
osmotic imbibition. The considerations involved in 

5 determining the optimum dimensions of the orifice 
for any particular device or drug are the same as 
those for orifices of osmotic devices of the prior 
art. and selection of the appropriate dimensions will 
be readily apparent to those skilled in the art 

70 That portion of compartment 18 enclosed by 
second wall section 16 contains a second expan- 
sion means 22 and a moveable impermeable sec- 
ond partition layer 24. the second partition layer 24 
being between second expansion means 22 and 

75 second active agent formulation 30 and positioned 
to come into contact witii the end or ridge 28 of the 
open end of first wall section 14. 

At least that portion of first wall section 14 
adjacent to first expansion means 35 must t>e of a 

20 semipermeable composition, since the expansion 
means is activated by the imbibition of water. Like- 
wise, second wall section 16 is of semipermeable 
composition. When first wall section 14 Is semiper- 
meable adjacent to second active agent formulation 

25 30, an impermeable inner wall 44 may be present 
t)etween first wall section 14 arKi agent formulation 
30 when it is desired to protect the active agent 
from fluid firom the environment. Such an additional 
impermeable wall may also be present between 

30 wall section 14 and first active agent formulation 36 
when it is desired to protect the active agent in 
formulation 36 from fluid from the environment. 

In practice, as fluid is imbibed by first expan- 
sion means 35. the expanding driving force of 

35 means 35 is conveyed via first partition layer 38 
against the first active agent fonmulation 36, and 
agent formulation 36 is then immediately begun to 
be expelled in a controlled and continuous manner 
from internal compartment 18 through'exit port 42 

40 into the environment of use, providing an initial 
active agent dose. At the same time, second ex- 
pansion means 22 begins to expand and exert a 
driving force via second partition layer 24 against 
end or ridge 28 of first wall section 14 to begin to 

45 slidably separate first wall section 14 firom second 
wall section 16. Second agent formulation 30 is 
only delivered to the environment of use at the 
point in time when first wall section 14 and second 
wall section 16 have separated apart from each 

50 other. In such a manner, first agent formulation 36 
is continuously delivered to the environment while 
a pulse of second agent formulation 30 is delivered 
at a later, delayed time. Rrst agent formulation 36 
and second agent formulation 30 may comprise the 

56 same active agent or different active agents or they 
may comprise the same active agent in different 
forms. 
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RG. 11 illustrates, in partial cross-sectional 
vtew» a device 1 similar to ttie devices descrit)ed in 
RGS. 1-3 and having a housing 12 comprised of 
first wall section 14 and second wall section 16, an 
Internal compartment 18 surrounded and defined 5 
by housing 12. a plurality of dosage forms 20. 
expansion means 22. partition layer 24. receiving 
means 26 and ridge 28. RG. 11 illustrates an 
alternative emtxxiiment of the present invention 
where the first wall section 14 is comprised of two io 
longitudinal halves which contact each other at 
longitudinal junction 48. It is to t)e noted that, while 
two longitudinal portions are presented by way of 
illustration, the invention is not limited ttiereto. and 
second wall section 14 may t>e comprised of from 75 
one to four or more longitudinal portions. The two 
longitudinal halves are held together by the pres^ 
sure exerted on them by that portion of the open 
end of second wall section 16 that overlaps the 
open ertd of first wall section 14. When the two wall 20 
sections are separated by the action of the expan- 
sion means 22. the two longitudinal hah^es of first 
wall section 14 t)ecome free of the restraining 
pressure of second wall section 16 so that the two 
longitudinal halves can then separate from each 2s 
other to provide additional exposure of active agent 
formulation to» or to aid in the release of the active 
agent fonnulation to the environment of use. 

As illustrated in FIGS. 12a and 12b. whk:h are 
section views along line 9-9 of device 1 of FIG. 11. 30 
the longitudinal walls of the two halves of first wall 
section 14 may be so shaped as to provide an 
interlocking means 50 between the two halves at 
the longitudinal junction 48. The interlocking means 
50 may be, for example, an interiocking ridge that 3S 
runs continuously along the length of the longitudi- 
nal walls of the two halves (FIG. 12a) or a plurality 
of interiocking concave and convex structures pos^ 
tioned at corresponding points along the longitudi- 
r)al walls of the two halves (RG. 12b). The inter- 40 
kx:king means 50 provides an additk)na] mecha- 
nism for maintaining the two k)ngitudtnal halves 
together while the devtee 1 is in closed form. 

For proper delivery of the active agent, it may 
be desirable in some instances for the dispensing 45 
device to deliver active agent to a particular envi- 
ronment of use. Thus, it may be necessary for the 
device to remain in a partteular environment of use 
until such time as the agent formulation has been 
delivered or. alternatively, for the device to pass so 
through one particular envircviment to another prior 
to delivering agent formulation. In such cases, addi- 
tional elements are included in the device, or the 
device is designed in such a way to provide for 
such particular delivery. For example, when the 55 
environment of use is the rumen of a ruminant 
animal, a density element may be included in the 
dispensing device so that the device is weighted to 



remain within the rumen during the dispensing pe- 
riod. Density elements are known in the art and are 
discussed in, for example. U.S. Pat. 4.874,388. 
When the environment of use is the human stom- 
ach, it may be desirable for the device, for exam- 
ple, to have a low initial density or to include air in 
that portion of the internal compartment of the 
device that also contains the agent formulation. In 
this manner, the device will float on the surface of 
the stomach contents and remain in the stomach 
until the device opens to release the formulation. 
Where it is desirable, on the other hand, to delay 
the release of an active agent which, for example, 
is inactivated by tfie stomach contents or may 
cause nausea or bleeding by inritating the gastric 
mucosa so that delivery in the stomach is not 
desired, an enteric coating can t>e applied over at 
least that portion of the housing of the dispensing 
device that is comprised of a semipennneat>le mem- 
brane. Enteric coatings will remain intact in the 
stomach but will rapidly dissolve once they arrive 
at the small intestine, thereafter allowing fluid to be 
imbik)ed to activate the dispensing device. Enteric 
coatings are well known in the art and are dis- 
cussed at. for example. "Remington's Pharmaceuti- 
cal Sciences". Mack Publishing Co.. Easton, PA. 

The total delay time prior to separation of the 
dispensing device and delivery of the active agent 
formulation can be controlled by a numt)er of 
means. For example, the rate of fluid imbibition into 
fhe expansion means can be controlled by the 
particular choice of semipermeable membrane. The 
rate of expansion of the expansion means can be 
controlled by the choice of composition of the 
expansk)n means. The distance of overiap between 
the open end portions of the first and second wall 
sections can determine fhe period of time required 
for the two sections to separate. Combinations of 
such means may be used. Such control means are 
known in the art and can be determined without 
undue experimentation. 

Ttte above description has been given for ease 
of understanding only. No unnecessary limitations 
should be understood therefrom, as modifications 
will be ot)vious to those skilled in the art. 

The following examples are illustrative of ttie 
present invention. They are not to t>e construed as 
limitations of the scope of the invention. Variations 
and equivalents of these examples will t>e apparent 
to one skilled in the art in light of the present 
disclosure, the drawings and the claims herein. 

EXAMPLE 1 

A delivery device according to the invention 
was prepared as follows. 

The osmotic engine portion of the device is a 
compressed bilayer tablet composed of a 150 mg 
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polymeric osmotic formulation (exparision means) 
and a 50 mg wax-based barrier. 

The polymeric osmotic formulation has a com- 
position of 60 wt% polyethylene oxide (Potyox® 
303, Union Carbide), 29 wt% sodium chloride, 5 
wt% polyacrylic acid (Carbomer® 934P, B.R 
Goodrich), 5 wt% hydroxypropylmethylcellulose E- 
5. and 1 wt% ferric oxide. During preparation, each 
of the above components was screened through a 
40 mesh screen, and the sized components were 
added to a mixing vessel in the appropriate propor- 
tions. The dry components were mixed thoroughly 
for 10 minutes; then, SDA 3A ethanol was slowly 
added while mixing continued until a wet mass ha6 
formed. The wet mass was then screened through 
a 20 mesh screen, and the wet granules were 
allowed to air dry for 18 hours. After drying, the 
granules were passed once more through a 20 
mesh screen. 

The wax barrier has a composition of 95 wt% 
microcrystalline wax (MF-2JH Durawax<d. Astor 
Wax Corp.) and 5 wt% gelatin (Type A. 275-300 
bloom). During preparation, each component was 
screened through a 40 mesh screen before being 
added in the correct weight ratio to a mixing ves- 
sel. The dry materials were mixed ttK>roughly for 
10 minutes; then» purified water was slowly added 
to the mixture while stining continued. After a wet 
mass formed, the mixture was passed through a 20 
mesh screen, and the granules were oven-dried at 
40 *C for 24 hours. After the granules had dried, 
tfiey were rescreened through a 20 mesh screen. 

The osmotic formulation and tfte wax banrier 
formulation were compressed in a hydraulic or ro- 
tary press into a cylindrical bilayer tablet. The 
osmotic face of the tablet was convex, to conform 
to the shape of the delivery device, while the 
tiarrier face of the tablet vyas flat Tabletting was 
conducted to produce a dean, distinct interface 
between the two layers. 

To prepare the vessel portion (first wall section) 
of ttie device, 70 wt% cellulose acetate 320 and 30 
wt% polypropylene glycol were thoroughly mixed 
together and were then added to the hopper of a 
screw extruder. The polymeric mixture was heated 
at 127* C as it was extruded through the heated 
barrel of the extruder and into a mold for the 
vessel. The polymer mixture was allowed to cool 
after injection into the mold, after which the vessel 
was removed from the opened mold. 

The cap portion (second wall section) of the 
device was prepared in tfte same manner as the 
vessel, the composition of the cap being 70 wt% 
cellulose acetate 320 and 30 wt% polypropylene 
glycol. The heated polymeric mixture was injected 
into a mold for the cap and allowed to cool, and the 
finished cap was then ejected. 



To assemble tfte delivery device, the desired 
active agent fbnmulation is placed into a completed 
vessel by manual or automated fill mechanisms. 
The osmotic engine txlayer tablet is placed into a 

5 completed cap witii the convex osmotic layer point- 
ed into the closed end of the cap and the t>arrier 
layer exposed toward the cap opening. The open 
end of the filled vessel is fitted inside the open end 
of the cap, and the two pieces are compressed 

10 together until cap, osmotic bilayer tablet and vessel 
fit togettier tightiy. 

EXAMPLE 2 

15 A delivery device was prepared as in Example 
1, except that the polymeric osmotic formulation 
was 130 mg. The assembled device was then 
coated with approx. 20 mg of a methacrylic add 
copolymer enteric coat (Eudragit® L 100-55, Rohm 

20 Pharma). 

EXAMPLE 3 

A delivery device according to the present in- 

25 vention was prepared as follows. 

The cap (second wall section) was formed by 
coating a gelatin capsule with a cellulose acetate- 
t>ased memt)rane in the following manner. A coat- 
ing solution composed of 5 wt% cellulose acetate 

30 398 and polyethylene glycol 3350 (In a 95/5 weight 
ratio) In a solution of acetone/ethanol (In a 90/10 
weight ratio) was sprayed onto a size "O" clear 
gelatin capsule in a Wurster coater. The capsule 
was coated to a membrane thickness of 3-4 mil. 

35 The capsule was then dried in a 50 *C oven to 
remove residual solvent, after which the two parts 
of the capsule were separated with their respective 
membrane covering irttact. The sfK>rt segment of 
ti>e coated capsule was retained as the required 

40 cap, while the long segment was discarded. 

The vessel (first wall section) was formed by 
machining a cylindrical container with one open 
end from polycartx)nate polymer. TTie machined 
dirr>ensions were such that the open end of the 

45 vessel will fit snugly within the coated gelatin cap- 
To assemble the device, following the proce- 
dure of Example 1, the osmotic engine bilayer 
tablet from Example 1 was placed in the cap por- 
tion, the desired active agent formulation was 

50 placed in the vessel portion, the open end of the 
vessel portion was fitted into the open end of the 
cap portion, and the two pieces were compressed 
together to obtain a tight fit. 

Another device was prepared following the 

55 above procedures, except that during manufacture 
of the cap portion, the gelatin capsule was coated 
with a cellulose acetate/polyethylene glycol mem- 
brane of 8-9 mil thickness. 
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EXAMPLE 4 

Delivery devices were prepared as in Example 
3. except that the weight ratio of cellulose acetate 
to polyethylene glycol in the memtirane covering 
the cap was 80/20. 

EXAMPLES 

Nine devices from Example 1. t>ijt not contairn 
ing any active agent formulation, were assembled 
and placed in artificiaJ intestinal fluid (USP XIX, 
intestinal fluid, simulated, TS; modified herein by 
not including enzymes) in a shaker t>ath at 37*C. 
Marbles were also added to the fluid to provide 
abrasion with the devices, simulating an intestinal 
environment The devices were ot>served to deter- 
mine wtten the cap and vessel portions separated 
from each other. The resulting average release 
point for the devices was at 334 hours (SD = 0.18 
hr). 

EXAMPLES 

Two enteric-coated devices from Example 2, 
tnit not containing any active agent formulation, 
were assembled and placed in artificial gastric fluid 
(USP XIX. gastric fluid, simulated, TS; modified 
herein by not including enzymes) for 2 hours, after 
which they were removed from the gastric fluid and 
placed in artificial intestinal fluid. The devices were 
observed in the intestinal fluid to determine when 
the cap and vessel portions separated. The result- 
ing average release point for the two devices was 
at 6.33 hours. 

EXAMPLE 7 

Four devices from Example 3 having a cap 
membrane thickness of 3-4 mil and containing car- 
dizem pellets as the active agent formulation were 
placed in artificial intestinal fluid and observed for 
separation. The devices separated and the car- 
dizem pellets were released to the fluid enviror>- 
ment at an average time of about 1 .4 hours after 
placement in the flukJ. 

In the same manner, three devices from Exam- 
ple 3 having a cap membrane thk:kness of 8-9 mil 
and containing cardizem pellets were placed in the 
artificial intestinal flukJ environment. The devtees 
separated and the cardizem pellets were released 
at an average time of about 7.1 hours after place- 
ment. 

EXAMPLE 8 

Five devices from Example 3 having a cap 
membrane thickness of 8-9 mil and containing 



dmetidine granules as the active agent formulation 
were placed in artificial intestinal fluid and ok>- 
served for separation. The devices separated and 
the dmetidine granules were released to the fluid 
5 environment at an average time of atx)ut 6.4 hours 
after placement in the fluid. 

Claims 

10 1. A dispensing device [1, 4] for the initial de- 
layed delivery of an active agent to a fluid 
environment of use, the dispensing device be- 
ing characterised by:- 

a) a housing [12] having a first wall section 
15 [14] and a second wall section [16], the first 

and second wall sections l)eing in slidably 
telescoping arrangement with each other, 
the first wall section having an open end 
adapted to fit within the second wall section 
20 and the second wall section comprising in 

at least a portion a semipermeable com- 
position; 

b) an intemal compartment [18] surrounded 
and defined by the first and second wall 

25 sections of the housing; 

c) an active agent formulation [20, 30] in a 
portion of the intemal compartment defined 
by the first wall section; 

d) fluid-activated expansion means [22] in a 
30 portion of the intemal compartment defined 

by the second wall section; 

e) a partition layer [24] t)etween the fluid- 
activated expansion means and the open 
end of the first wall section; and 

35 f) a ridge [28] provided by the open end of 

the first wall section and protruding into the 
intemal compartment for receiving the driv- 
ing force of the fluid-activated expansion 
means, via the partition layer, for separating 

40 apart ttie first and second wall sections of 

the housing after exposure to the fluid envi- 
ronment of use; wherein the volume of the 
portion of ttie intemal compartment defined 
by the first wall section and containing the 

45 active agent formulation remains constant 

until the first and second wall sections are 
separated. 

2. A dispensing device according to Claim 1 
50 wherein the first wall section is comprised of a 

substantially impermeable composition. 

3. A dispensing device according to Claim 1 or 
Claim 2 wherein the active agent formulation 

55 comprises a liquid, a solid, a semisolid, a 
thermo-sensitive composition, or a plurality of 
dosage forms. 
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4. A dispensing device according to Qaim 1. 
Claim 2 or Claim 3 which further comprises 
means [32, 34] for providing an initial active 
agent dose. 

5. A dispensing device according to any preced- 
ing claim characterised by a first wall section 
having two open ends; an impermeable inter- 
nal dividing wall (17) intermediate said open 
ends to define two internal sub-compartments 
[18a. 18b]; two second I16a, 16b] wall sec- 
tions; an active agent formulation [30a, 30b] in 
a portion of each of the intemal sub-compart- 
ments; a fluid-activated expansion means [22a. 
22b] in a portion of each of the intemal sut>- 
compartments defined by the second wall sec- 
tions; and a partition layer [24a, 24b] between 
the fluid-activated expansion means in each of 
the second wall sections and the open ends of 
the first wall section. 

6. A dispensing device according to Claim 5 
wherein the active agent formulation in each of 
the intemal sut>-€ompartments comprises the 
same active agent. 

7. A dispensing device according to Claim 5 
wherein the active agent formulation In each of 
the intemal sut>-compartments comprises a dif- 
ferent active agent one from the ottier. 

& A dispensing device according to any of 
Claims 5-7 wherein the composition of the 
fluid-activated expansion means in each of the 
intemal sut>-compartments is different one 
from the other. 

9. A dispensing device as claimed in any preced- 
ing claim characterised by exit means [42] in 
the first wall section opposite the open end of 
first wall section; a first active agent formula- 
tion [36] in a portion of the intemal compart- 
ment defined by tfie first wall section and 
adjacent the exist means; a first fluid-activated 
expansion means [35] in a portion of the inter- 
nal compartment defined by the first wall sec- 
tion; a second active agent formulation [30] in 
a portion of the intemal compartment defined 
by the first wall section and adjacent the open 
end of the first wall section; an impermeable 
barrier layer [40] between the second active 
agent formulation and the first fluid-activated 
expansion means; arKf a second fluid-activated 
expansion means [22] in a portion of the inter- 
nal compartment defined by the second wall 
section; for the immediate and continuous de- 
livery of the first active agent together with the 
delayed, pulsed delivery of the second active 



agent to the fluid environment of use. 

10. A device according to Claim 9 which further 
comprises a partition layer [38] between the 

5' first active agent formulation and the first fluid- 
activated expansion means. 

11. A device according to Claim 9 or Claim 10 
wherein the first active agent formulation and 

70 the second active agent formulation comprise 
the same active agent 

1Z A device according to Claim 9 or Claim 10 
wherein tfie first active agent formulation and 
75 the second active agent formulation comprise 
different active agents. 

ia A dispensing device [3] for providing a pulsed 
delivery of an active agent formulation to a 

20 fluid containing environment of use; which dis- 
pensing device comprises a plurality of hous^ 
ings [12a, 12b, 12c] having a plurality of sepa- 
rate wall sections, which wall sections are as- 
semt>led together to define an intemal com- 

25 partment [18a. 18b. 18c] which contains an 
active agent formulation [20a, 20b, 20c] dis- 
persed in fluid-activated expansion means 
[22a. 22b. 22c]; wherein as housing 12a is 
opened by the expanding driving force of ex- 

30 pansion means 22a, it releases housing 12b 
into the environment of use as it releases 
active agent dosage forms 20a, housing 12b is 
then exposed to the environmental fluid and is 
opened after a delay period by the expanding 

as driving force of expansion means 22b. releas- 
ing active agent dosage forms 20b togetfier 
with housing 12c. and housing 12c in its turn is 
then exposed to the environmental fluid to re- 
lease active agent dosage form 20c by expan- 

40 sion of means 22c. 

14. A non-therapeutic method for delaying the ini- 
tial delivery of an active agent to a fluid envi- 
ronment of use, the method comprising of 
45 placing a dispensing device as claimed in any 
preceding claim into the environment of use. 

Patentansprilche 

50 1. Vorrichtung (1.4) fOr die anfMngliche verz6ger- 
te Freisetzung eines Wirkstoffes in einer Ruid- 
Anwendungsumgebung, gekennzeichnet durch : 
a) ein Gehduse (12) mit einem ersten 
Wandabschnitt (14) und einem zweiten 
55 Wandat>schnitt (16). die zueinander tele- 

skopartig verschiebbar angeordnet sind, wo- 
bei der erste Wandat>schnitt ein in den 
zweiten Wandal)schnitt passendes offenes 
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Ende hat und der zweite Wandabschnitt zu- 
mindest in einem Bereich eine halbdurch- 
lassige Struktur besitzt 

b) eine innere Kammer (18), die von dem 
ersten und dem zweiten Wandabschnitt des 
Gehauses umschlossen und begrenzt wird; 

c) eine Wirkstoff-Formulierung (20.30) in ei- 
nem durch den ersten Wandabschnitt be- 
grenzten Bereich der inneren Kammer (18); 

d) Ruid-aktivierte Expansionsmittel (22) in 
einem durch den zweiten Wandat)schnitt 
begrenzten Bereich der inrieren Kammen 

e) eine Trennschicht (24) zwischen dem 
Ruid-aktivlerten Expansionsmittel und dem 
offenen Ende des ersten Wandabschnitts 
und 

f) einen Steg (28) der von dem offenen 
Eride des ersten Wandat>schnltts gebildet 
wird und in die Innere Kammer vorsteht zur 
Aufnahme der Triebkraft des Rukl-aktlvier- 
ten Expanstonsmittels ilber die Trenn- 
schicht, um den ersten Wandabschnitt und 
den zweiten Wandat)schnitt des Gehauses 
nach dem Aussetzen In der verwendeten 
RuldumgekMing voneinander zu trennen. 
wobei das Volumen des durch den ersten 
Wandat>schnrtt begrenzten und die Wirk- 
stoff-Formulierung enthaltenden Beretohs 
der inneren Kammer konstant blelbt, bis der 
erste Wandabschnitt und der zweite Wand- 
abschnitt voneinander getrennt sind. 

Z Frelsetzungsvonlchtung nach Anspruch 1, bei 
wek:her der erste Wandat)schnitt eine im we- 
sentlichen undurchlassige Zusammensetzung 
hat. 

a Frelsetzungsvorrichtung nach Anspruch 1 Oder 
2, t>ei welcher die Wirkstoff-Formulierung eine 
flOssige, eine teste, eine haJbfeste, eine war- 
meempfindliche Zusammensetzung Oder meh- 
rere Verabrek:hungsformen aufweist. 

4. Freisetzungsvorrichtung nach Anspruch 1, 2 
Oder 3, die femer Mittel (32,34) zur Bereitsteh 
lung einer anISnglichen Wirkstoffdosis enthSIt 

5. Freisetzungsvorrichtung nach einem der vor- 
hergehenden AnsprOche. gekennzeichnet 
durch einen ersten Wandabschnitt mit zwei 
offenen ErKlen; eine undurchlassige innere 
Trennwand (17) zwischen diesen offenen En- 
den zur Abgrenzung von zwei inneren Teilkam- 
mem (18a, 18b); zwei zweite Wandabschnitte 
(16a.16b); eine Wirkstoff-Formulierung 
(30a,30b) in einem Bereich einer jeden inneren 
Teilkammer; Ruid-aktivierte Expansionsmittel 
(22a,22b) in einem Bereich einer jeden der 



durch die zweiten Wandaktschnitte t>egrenzten 
Teilkammem und eine Trennschicht (24a,24b) 
zwischen den Ruid-aktivierten Expansionsmit- 
teln in jedem der zweiten Wandat)schnitte und 
5 der offenen Enden des ersten Wandabschnitts. 

6. Freisetzungsvorrichtung nach Anspruch 5. bei 
welcher die Wirkstoff-Fonnaulierung in jeder der 
inneren Teilkammem den gleichen Wirkstoff 

10 enthSlt. 

7. Freisetzungsvorrichtung nach Anspruch 5, bet 
welcher die Wirkstoff-Formulierung in jeder der 
inneren Teilkammem einen Wirkstoff enthalt, 

75 der sich von dem Jewells anderen unterscheh 
det. 

8. Freisetzungsvorrichtung nach einem der An- 
sprOche 5 bis 7. M welchem die Zusammen- 

20 setzung des Ruld-aktivlerten Expansionsmittels 
in jeder der Inneren Teilkammem unterschied- 
lich ist. 

9. Freisetzungsvonichtung nach einem der vor- 
25 hergehenden AnsprOche, gekennzeichnet 

durch einen dem offenen Ende des ersten 
Wandabschnitts entgegengesetzten Ausgang 
(42) in dem ersten Wandabschnitt; eine erste 
Wirkstoff-Formulierung (36) in einem durch 

30 den ersten Wandabschnitt begrenzten und an 
den Ausgang angrenzenden Bereich der inne- 
ren Kammer; ein Ruid-aktiviertes erstes Ex- 
panstonsmittel (35) in einem durch den ersten 
Wandat)schnltt t)egrenzten Bereich der inneren 

35 Kammer; eine zweite Wirkstoff-Formulierung 
(30) in einem durch den ersten Wandabschnitt 
begrenzten und an das offene Ende des ersten 
Wandabschnitts angrenzenden Bereich der in- 
neren Kammer; eine undurchlSLssige Sperr- 

40 schicht (40) zwischen der zweiten Wirkstoff- 
Formulierung urKl dem Ruid-aktivierten ersten 
Expansionsmittel und ein Rukhaktiviertes zwel- 
tes Expansionsmittel (22) In einem durch den 
zweiten Wandat>schnitt t)egrenzten Bereich der 

45 inneren Kammer fOr die sofortige und kontinu- 
ieriiche Freisetzung des ersten Wirkstoffes zu- 
sammen mit der verz5gerten, gepulsten Frei- 
setzung des zweiten Wirtcstoffes in der Ruld- 
Anwendungsumgebung. 

50 

10. Vorrichtung nach Anspruch 9. die femer eine 
Trennschicht (38) zwischen der ersten Wirk- 
stoff-Formulierung und dem Ruid-aktivierten 
ersten Expanskmsmittel enthSlt. 

55 

11. Vonichtung nach Anspruch 9 Oder 10. bei wel- 
cher die erste Wirkstoff-Formulierung und die 
zweite Wirkstoff-Formulierung den gleichen 
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Wirkstoff enthatten. 

12. Vorrichtung nach Anspruch 9 Oder 10» bei wel- 
cher die erste WirKstoff-Formulierung und die 
zwette WIrkstoff-Formulierung unterschiedliche 
Wirkstoffe enthalten. 

13b Freisetzungsvorrichtung (3) fOr eine gepulste 
Freisetzung einer Wirkstoff-Formulierung in er- 
ner ein Ruid enthaltenden Anwendungsumge- 
bung. wobei die Freisetzungsvorrichtung meh- 
rere Gehause (12a,12b,12c) mit mehreren se- 
paraten Wandabschnitten umfaBt, die zur Be- 
grenzung einer inneren Kammer (18a,18b.18c) 
zusammengesetzt werden, die eine Wirkstoff- 
Formulierung (20a^b,20c) enthSIt, die in ei- 
nem Ruid-aktivierten Expanstonsmrttel 
(22a,22b;22c) verteilt ist, wobei das Gehause 
(12a), wenn es durch die expandierende Trieb- 
kraft des Expanskmsmittels (22a) gedffnet 
wird, mit der Freisetzung von Wirkstoff-Verak>- 
retchungsformen (20a) auch das GehSuse 
(12b) in die Anwendungsumgebung entlaBt, 
wetehes dann dem umgebenden Ruid ausge- 
setzt urKJ durch die expandierende Triebkraft 
des Expansionsmittels (22b) nach einer Verzo- 
gerungszeit gedffnet wtrd und Wirkstoff-Verab- 
reichungsformen (20b) zusammen m'rt dem 
Geh§use (12c) freisetzt. welches dann wieder- 
um dem Umgebungsfluid ausgesetzt wird, um 
durch die Expansion des Mrttels {22c) Wirk- 
stoff-Verabreichungsfonmen (20c) freizusetzen. 

14. Nichttherapeutisches Verfahren zur Verzoge- 
rung der anfanglichen Freisetzung etnes Wirk- 
stoffes in einer ftuiden Anwendungsumgebung, 
t)ei wek:hem eine Freisetzungsvornchtung ge- 
m3B einem der vorhergehenden AhsprOche in 
der Anwendungsumgebung angeordnet wird. 

Revendications 

1. Dispositif d'administratkxi [1,4] pour la libera- 
tion initiale diff^r^e d'un agent actif dans un 
environnement fluide d*utitisation. le dispositif 
d'administration 6tant caract^ris^ par : 

a) un receptacle [12] ayant une premiere 
section de paroi [14] et une seconde sec- 
tion de paroi [16], les premiere et seconde 
sections de paroi ^tant dans une disposition 
d'emt)ottement par glissement vis k vis 
I'une de t'autre, la premiere section de paroi 
ayant une extr6mrte ouverte adapt^e pour 
s*ajuster dans la seconde section de paroi 
et la seconde section de paroi comprenant 
au moins en partie une compositton semi- 
permeable ; 



b) un compartiment inteme [18] entour^ et 
ddfini par les premiere et seconde sections 
de paroi du receptacle ; 

c) une formulation d*agent actif [20,30] dans 
5 une partie du compartiment inteme detinie 

par la premiere section de paroi ; 

d) un moyen de dilatation active par un 
ftuide [22] dans une partie du compartiment 
inteme detinie par la seconde section de 

10 paroi ; 

e) une couche de partage [24] entre le 
moyen de dilatation active par un fluide et 
Textremlte ouverte de la premiere section 
de parol ; et 

15 f) une arite [28] foumie par I'extremite ou- 

verte de la premiere section de paroi et 
faisant saillte dans le compartiment inteme 
pour recevoir la force vectrice du moyen de 
dilatation active par un fluide. via la couche 

20 de p>artage, pour separer les premiere et 

seconde sections du receptacle apr^s expo- 
sition h Tenvironnement fluide d*utilisation ; 
ou le volume de la partie du compartiment 
inteme detinie par la premiere section de 

25 paroi et contenant la formulation d'agent 

actif reste constant jusqu*^ ce que les pre- 
miere et seconde sections de paroi soient 
separees. 

30 2. Dispositif d'administration selon la revendica- 
tion 1 dans lequel la premiere section de paroi 
est constituee d*une composition sensiblement 
impermeable. 

35 3b Dispositif d'administration selon la revendica- 
tion 1 ou la revendication 2 dans lequel la 
formulation d'agent actif comprend un liquide, 
un solide, un sembsolide, une composition 
thermosensible, ou plusieurs formes posok>gh 

40 ques. 

4. Dispositif d'administration selon la revendica- 
tion 1, la revendication 2, ou la revendication 3 
qui comprend en outre un moyen [32, 34] pour 

45 foumir une dose initiale d*agent actif. 

5. Dispositif d'administration selon I'une quelcon- 
que des revendications precedentes. caracteri- 
se par une premiere section de paroi ayant 

50 deux extremites ouvertes ; une paroi de divi- 

sk)n inteme impermeable [17] intermediaire 
entre lesdites extremites ouvertes pour detinir 
deux sous-compartiments internes [18a,18b] ; 
deux secondes sections de paroi [16a , 16b] ; 

55 une formulation d'agent actif [30a,30b] dans 

une partie de chacun des sous-compartiments 
internes ; un moyen de dilatation active par un 
fluide [22a,22b] dans une partie de chacun des 
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sous-compartiments internes d^finis par les 
secondes sections de paroi ; et une couche de 
partage [24a^4b] entre le moyen de dilatation 
active par un fiuide dans chacune des secon- 
des sections de paroi et les extrimit^s ouver- 
tes de la premiere section de paroi. 

6. Dispositif d'administration selon la revendica- 
tion 5 dans lequel la formulation d'agent actif 
dans chacun des sous^mpartiments internes 
comprend le memo agent actif. 

7. Di^x>srtif d'administration selon la revendica- 
tion 5 dans lequel la formulation d'agent actif 
dans chacun des sous-compartiments intennes 
comprend un agent actif k cheque fbis diffe- 
rent. 

a Dispositif d'administration selon I'une quelcon- 
que des revendications 5^7 dans lequel la 
composition du moyen de dilatation activ^ par 
un fiuide dans chacun des sous-compartintents 
interne diff^re k chaque fois. 

9l Dispositif d'administration selon I'une quelcorh 
que des revendications pr6c§dentes, caract^ri- 
s6 par un moyen de sortie [42] dans la pre- 
miere section de paroi oppose k rextr§mit§ 
ouverte de la premi&re section de paroi ; une 
premiere formulation d'agent actif [38] dans 
une partie du compartin^ent interne definie par 
la premiere section de paroi et adjacente au 
moyen de sortie ; un premier moyen de dilata- 
tion active par un fiuide [35] dans une partie 
du compartiment interne definie par la premi^ 
re section de paroi ; une seconde formulation 
d'agent actif [30] dans une partie de comparti- 
ntent interne ddfinie par la premifere section de 
paroi et adjacente h rextr§mite ouverte de la 
premiere section de paroi ; une coucfie bame- 
re inperm^able [40] entre la seconde formula- 
tion d'agent actif et le premier moyen de dila- 
tation active par un fiuide : et un second 
moyen de dilatation active par un fiuide [22] 
dans une partie du compartiment interne defi- 
nie par la seconde section de paroi ; pour la 
liberation immediate et continue du premier 
agent actif avec I'admimstration differee, par 
impulsions, du second agent actif dans I'envi- 
ronnement fiuide d'utilisation. 

IOl Dispositif selon la revendtcation 9 qui com- 
prend en outre une couche de partage [38] 
entre la premi&re formulation d'agent actrf et le 
premier moyen de dilatation active par un ftuh 
de. 



11. Dispositif selon la revendtcation 9 ou la reven- 
dication 10 dans lequel la premiere formulation 
d'agent actif et la seconde formulation d'agent 
actif comprennent le memo agent actif. 

5 

1Z Dispositif selon la revendication 9 ou la reven- 
dtcation 10 dans lequel la premiere formulation 
d'agent actif et la seconde formulation d'agent 
actif comprennent des agents actifs differents. 

10 

13L Dispositif d'administration [3] pour assurer une 
lit)eration par impulsions d'une formulation 
d'agent actif dans un environnement d'utilisa- 
tion contenant un fiuide ; lequel dispositif de 

T5 lik)eration comprend plusieurs receptacles [12a, 
12b, 12c] ay ant plu^eurs sections de paroi 
separees, ces sections de parois etant assem- 
biees ensemble pour definir un compartiment 
interne [18a, 18b, 18c] qui contient une formu- 

20 labon d'agent actif [20a, 20b. 20c] dispersee 
dans un moyen de dilatation active par un 
fiuide [22a, 22b. 22c] : ou lorsque le receptacle 
12a est ouvert par la force vectrice en expan- 
sion du moyen de dilatation 22a, il libera le 

25 receptacle 12b dans I'environnement d'utilisa- 
tion au fur et e mesure qu'il lib^re les formes 
posologiques d'agents actifs 20a, le receptacle 
12b alors expose h I'environnement fiuide est 
ouvert apr^s une periode de retard par la force 

30 vectrice de dilatation du moyen de dilatation 
22b. liberant les formes posologiques d'agents 
actifs 20b avec le receptacle 12c, et le recep- 
tacle 12c est e son tour expose alors h I'envi- 
ronnement fiuide pour lit)erer la forme posolo- 

35 gique d'agent actif 20c sous Taction de la 

dilatation du moyen 22c. 

14^ Prooede non-therapeutique pour difterer la li- 
beration initiale d'un agent actif dans un envi- 
40 ronnement fiuide d'utilisation. dans lequel on 

place un dispositif d'administration selon I'une 
quelconque des revendications precedentes 
dans I'environnement d'utilisation. 

45 
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